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Colloid osmotic pressure:
its measurement and clinical value

M.P. MORISSETTE, MD

Plasma colloid osmotic pressure
(COP) is an important determinant in
the appearance of edema. The
development of a simple technique for
COP measurement, based on an
electronic pressure transducer and a
semipermeable membrane system, has
led to an appreciation of the value

of COP determinations in clinical
practice. In a steady state the measured
COP replicates the value computed
from serum proteins. In pathologic sera
a derived value is unreliable. The
normal human plasma COP averages
254 mm Hg. This value tends to
decrease with age, is lower in females
and is also lower in subjects at

bed rest. As a clinical tool COP
measurement represents an unduplicated
contribution to the differential diagnosis
of pulmonary edema. In critically ill
patients COP measurement represents
a reliable predictor of survival.

La pression colloidale osmotique (PCO)
est un déterminant important dans
I'apparition de I'oedéme. La mise au
point d’'une technique simple de mesure
de la PCO, qui repose sur l'utilisation
d’'un transducteur de pression
électronique et sur un systéme de
membrane semiperméable, a mené a
une appréciation de la valeur clinique
de la mesure de la PCO. A [I'état stable,
les mesures de la PCO coincident avec
les valeurs calculées a partir des
protéines sériques. Dans les cas
pathologiques, les valeurs dérivées ne
sont pas fiables. La PCO du plasma
humain normal est en moyenne de
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254 mm Hg. Cette valeur tend a
diminuer avec I'age, et elle est plus
faible chez la femme et, aussi, chez
les sujets alités. En clinique, la mesure
de la PCO constitue un apport sans
équivalent au diagnostic différentiel
de I'oedéme pulmonaire. Chez les
malades en phase critique, la mesure
de la PCO représente un indice sar

de prédiction de la survie.

Starling,' 80 years ago, suggested that
intravascular colloids promote fluid ab-
sorption from the interstitial space at
the microcirculatory level. Subsequently
Guyton and Lindsey* presented quanti-
tative evidence to substantiate the im-
portance of the relation between left
atrial pressure and plasma protein con-
centration in the development of pul-
monary edema.

Colloid osmotic pressure (COP) was
first suspected® and later clinically im-
plicated*® as an important determinant
in the development of systemic and
pulmonary edema in clinical situations.
The relevance of its direct measurement
as a bedside guide has now become
appreciated.

This review is based on the infor-
mation available throughout the litera-
ture, and fundamental and clinical in-
formation collected in collaboration
with my colleagues.

Measurement

Principle

The delay between the growth of
knowledge based on research into COP
and its clinical application resulted
mainly from the absence of a simple
and reliable method of measurement.
Because of a wide margin of uncer-
tainty in individual cases the indirect

CMA JOURNAL/APRIL 23,

methods cannot be considered as
exact.*’® With the introduction of the
electronic pressure transducer'>* for
measurement of COP, however, serial
measurements of small samples became
possible, and modifications of the ori-
ginal design further improved the tech-
nique.xo,ls-xs

The basic principle underlying meas-
urement of COP is separation of two
chambers of fluid by a semipermeable
membrane. The chamber below the
membrane is filled with a colloid-free
isotonic saline solution and connected
to the pressure transducer. The upper
face of the membrane represents the
base of the second chamber, which is
filled with the sample to be measured.
The membrane selected must be freely
permeable to small molecules but im-
permeable to large molecules. A zero
reference level is obtained by placing
isotonic saline solution in the sam-
ple chamber. When an unknown
solution is placed in the sample cham-
ber the colloid osmotic force created
at the membrane causes fluid to move
from the lower chamber to the sample
chamber, creating a negative pressure
in the transducer chamber. This pres-
sure equals the COP of the unknown
solution.

Choice of standard and sample

The progress accomplished during
the last 10 years concerning the role
of COP in human physiology and pa-
thology is largely the consequence of
the original work of Hansen.!:**

A relative limitation of the technique
of measurement is the need for a
calibrating standard for quantitation of
the membrane.” Because a stable stand-
ard commercial solution is so far un-
available, a reference solution of 5%
human albumin or 3% dextran 70 is
generally chosen.
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The blood to be analysed may be
drawn from either an artery or a cen-
tral vein. The slight difference in COP
attributable to differences in pH does
not lead to significant differences in
results.’* If a peripheral vein is
chosen as the sampling site stasis from
the use of a tourniquet should be
avoided, as a significant increase in
venous pressure will secondarily in-
crease the mean capillary microvascular
pressure. Water then will be filtered
from the blood and the COP will be
artifactually increased.*

Depending on the specifications of
the instrument the volume of a sample
may vary from 0.5 ml to 1lul. The
time required for a single measurement
is longer for smaller samples and varies
from 1.5 to 15 minutes. The reprodu-
cibility of duplicate measurement is
inversely proportional to the size of
the sample; the value is reproducible
within 0.15 mm Hg in large samples
and 0.7 mm Hg in the smallest.

The osmotic pressure generated by
the fibrinogen in plasma represents a
relatively small fraction of the total
COP; therefore, the COP in plasma is
about 0.35 mm Hg greater than the
COP in serum — a difference that is
statistically significant (P < 0.0025).*
To preserve this protein whole blood
should be anticoagulated. Dried hep-
arin is the most reliable anticoagulant;*
its concentration should not exceed 200
U/ml.*®

Free hemoglobin in plasma also gen-
erates osmotic pressure that increases
the measured COP.* Hemolysis during
sampling or processing should be
avoided. Samples of plasma but not of
whole blood can be refrigerated for
periods of 1 to 7 days before processing
without affecting the measurement of
COP.* Freezing the specimen is best
avoided.

Physiologic variations of COP

The COP is determined mainly by
the concentration of protein in plasma:
1 g of protein retains about 15 ml of
solution in the vascular space.*® In a
steady state, at physiologic pH, the
COP can reasonably be derived from
van’t Hoff’s theory and the Donnan
effect.’® The function used in giving the
relation of the albumin curve to COP
is represented by a parabola and that
for globulin, by a straight line.*** Any
major departure from a steady state
or an abnormal physiologic condition
alters the reliability of the calculated
COP, the variation being particularly
great in pathologic sera. This inaccu-
racy is the result of the lack of pro-
portional changes in protein and salts,
the greater heterogeneity of the globu-
lins and the interaction between the
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proteins.®'**** The unreliability of a
derived value is sufficient to make it
necessary to determine the plasma COP
directly in any situation in which this
parameter is considered to be im-
portant. 65152

Data relating to the variation of COP
due to age and sex have been reported
for small groups™® with conflicting re-
sults. Analysis of samples from a large
population reveals a gradual but pro-
gressive and significant (P < 0.005)
decrease of COP with age. COP is also
slightly but significantly (P < 0.005)
lower in women. These data are sum-
marized in Table I.

A significantly lower COP is detected
in patients who have been supine for
several hours compared with ambula-
tory subjects.™!%2%** COP is 15%
lower in subjects at bed rest than in a
normal ambulatory population (Table
II). The increase in plasma COP in
ambulatory subjects is thought to be
secondary to the reduction in plasma
volume associated with exercise;*” any
interpretation extrapolated from a nor-
mal ambulatory population to bed-
ridden patients should therefore be
avoided. This important consideration
is often neglected.

Repetitive measurements of COP in
the same subject over a period of 12
weeks have disclosed a fluctuation of
up to 10%, which is a significant (P
< 0.01) variation.™*

Values for COP and mean systemic
arterial pressure are correlated (r =
0.50)."* For each increase in blood

Table I—Variation in colloid osmotic pressure

(COP) with age and sex*
COP (mm Hg)

Variable Mean + SD
Age (yr)

< 50 2.1 + 47t

50 — 70 20.7 + 4.2

70 — 89 19.7 + 3.7%
Sex

Male 21.6 + 4.8F

Female 19.6 + 4.2¢

*Determinations based on values for 100
supine patients in each age group.
tDifference significant, P < 0.005.

Table 11—COP in normal subjects, ambul-
atory and supine

pressure of 10 mm Hg an increase in
COP of 0.75 mm Hg may be expected.
This suggests that a relative con-
comitant increase in the mean microvas-
cular pressure parallels the increase in
the systemic blood pressure, the former
promoting fluid exchanges at the capil-
lary level. No correlation was found
between COP and hematocrit values.'®*

Within the limits of variation of pH
compatible with survival no correlation
was detected between COP and pH
(Table III).

At comparable concentrations dex-
trans exert an osmotic pressure that is
two to eight times greater than the
oncotic pressure of plasma proteins.”
Gram for gram the dextran tends to
attract intravascularly about 45% more
interstitial fluid than the plasma pro-
tein.*®

The variations of COP during fetal
life are of interest in relation to fetal—
maternal fluid exchange. At midterm
the COP in fetal sheep is about 8.5
mm Hg.* It gradually increases during
gestation but never exceeds that of
the maternal blood.

The interspecies variation of COP
was studied by Meyer” and Zweifach
and Intaglietta.** COP varies in mam-
mals from 10.0 mm Hg (Himalayan
goats) to 27.0 mm Hg (dolphins). This
is in part determined by the correlation
that exists between blood pressure and
COP.

COP in pathologic states

The role of COP in the pathophysiol-
ogy of disease is largely unexplored.
Following the efforts of Starling' and
Guyton and Lindsey,” many other clin-
ical investigators have tried to alter
the COP-left ventricular filling pressure
gradient and, by doing so, to restore the
intravascular blood volume or reverse
interstitial fluid loss.

One means of reversing the gradient
for fluid exchanges in favour of the
intravascular compartment is to in-
crease the plasma COP by infusing
albumin. A few successful clinical trials
have been reported.** In attempts to
correct acute respiratory failure in cri-
tically ill patients albumin infusions
alone accounted for some improvement
in 40% of the patients; the addition
of a potent diuretic (furosemide or

Table 111—COP and pH

COP (mm Hg) Determination* COP (mm Hg) pH
Highest 339 7.61
Condition Mean + SD Lowest 116 708
Ambulatory (n = 19) 254 + 2.3* Mean 19.2 + 38 7.40 +0.09
Supine (n = 14) 21.6 + 3.6* r 0.044
*Difference significant, P < 0.005. *Based on 100 determinations.
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ethaerynic acid) to the albumin infusion
succeeded in improving the alveolar—
arterial oxygen gradient in about 70%
of the patients. The extent of improve-
ment is correlated with the volume
diuresed. Improvement in gas exchange
was thought to be secondary to the
restoration of a normal COP coupled
with the removal of excess fluid from
the lung interstitium.

The relatively poor success of at-
tempts to correct respiratory failure
with albumin infusion alone represents
a first warning against an oversimplified
application of the traditional Starling'
hypothesis to the clinical situation. The
first conclusion is that the theory still
holds in a relatively small proportion
of critically ill patients. The failure
rate is otherwise significant, and
even paradoxical deterioration of the
patient may be observed after the ad-
ministration of albumin.* The increase
in blood volume may be far less than
expected.* The COP may continue to
decrease despite the administration of
albumin.*® The quality of the micro-
vascular exchange membranes has to
be considered.** Massive transcapil-
lary escape of albumin may follow its
infusion, preventing any appreciable
increase in plasma volume, and the total
interstitial water content may then in-
crease instead of decrease through re-
absorption.* .

Adding direct COP measurement to
estimation of the capillary pulmonary
artery wedge pressure permits bed-
side evaluation of the type of pulmon-
ary edema in evolution, allowing a
more specific planning of treatment.®

Even if left ventricular failure is the
most common cause of clinical pul-
monary edema other causes have to be
considered, whatever the age of the
patient and primary diagnosis.*

A dynamic relation between COP
and left ventricular filling pressure has
been reported in dogs.>**** The filling
pressure in the left ventricle at which
pulmonary edema starts to appear was
shown to vary in direct proportion to
COP.* Nevertheless the proposed criti-
cal range of pulmonary artery wedge
pressure for appearance of alveolar pul-
monary edema was considered, until
very recently, to lie between 23 and
25 mm Hg.* Pulmonary edema has,
however, been reported to occur at a
much lower left ventricular filling pres-
sure after acute myocardial infarction
in man.“

If COP and pulmonary artery wedge
pressures are measured simultaneously
at the time of appearance of pulmonary
edema, this event becomes predictable.**
In patients with an acute myocardial
infarction pulmonary edema may ap-
pear in the absence.of an increase in
the left ventricular filling pressure if
the COP is low and the gradient for

fluid exchanges almost abolished. In
the absence of pulmonary edema the
gradient averaged 10 mm Hg; in pa-
tients with pulmonary edema it was
reduced to 1 mm Hg.*

Measurement of COP allows accu-
rate definition of the pathophysiologic
events of pulmonary edema induced
by left ventricular failure. Early in the
course of pulmonary edema COP in-
creases significantly (P < 0.001)*
(Table IV). This significant increase in
plasma COP may be observed in animal
models and appears to parallel the in-
crease in left atrial pressure. It is close-
ly followed by an increase in the pul-
monary lymph flow with a sharp de-
crease in its COP from 19.4 to 12.1 (P
< 0.001).* The sequence of events so
traced may be summarized as follows:
The primary insult, a significant in-
crease in the left ventricular filling
pressure, induces a sequence of counter-
reactions directed at restoration of
hemodynamic balance. A colloid-poor
fluid passes by ultrafiltration through
the lung capillaries, generating a higher
COP in plasma that may partly count-
erbalance the elevated hydrostatic pres-
sure. The lung lymphatic flow subse-
quently increases, acting as a safety
mechanism that protects the lung
against fluid accumulation until this
mechanism is saturated.

Pulmonary edema may appear in the
absence of objective signs of left ventri-
cular failure if hemodilution is pres-
ent.* This occurs in animals® and
man® if the COP decreases and the
COP-left ventricular filling pressure
gradient is diminished by more than
50%. During infusion of colloid-free
fluid in patients the direct measurement
of COP in addition to the estimation of
left ventricular filling pressure may
ensure the prevention of iatrogenic non-
cardiac pulmonary edema.

Microvascular leakage with pulmon-
ary edema may appear in animals in

“ the absence of left ventricular failure

or protein depletion.*** A similar syn-
drome has been reported in man® after
lung re-expansion and renal transplant-
ation,*® during bacteremic shock™ or
after heroin or methadone over-
doses.*** Awareness of this syndrome
and an understanding of its pathophysi-

Table IV—COP (admission value) in normal
ambulatory state and acute pulmonary edema

COP (mm Hg)
Condition Mean + SD

Normal, ambulatory (n = 19) 25.4 + 2.3*
Ac(ute p&lr)nonary edema 285 + 3.2*
n=

*Difference significant, P < 0.001.
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ology should lead to more rational
treatment.”

A significant decrease in COP during
dilutional cardiopulmonary bypass®*"*
has been consistently reported. The
postoperative period in these patients is
complicated by a decrease in blood
volume and an extravascular fluid ex-
pansion.* The clinical implications of
those observations await more compre-
hensive evaluation before further con-
clusions can be drawn.

In critically ill patients a significant
correlation was found between their
lowest measured COP and the final out-
come.* A COP of 17 mm Hg or higher
was found to be safe. When COP de-
creased to between 16 and 11 mm Hg,
survival was in jeopardy. If COP was
10 mm Hg or less the prognosis was
poor and the cardiopulmonary failure
was likely to be followed by death.
Further, if the pressure gradient for
microvascular exchanges was taken into
account the difference between COP
and left ventricular filling pressure was
an even better predictor of survival.
When the gradient was abolished or was
negative, none of 17 patients survived.
When the lowest gradient recorded was 9
mm Hg or greater all patients survived.
Used as a predictor for survival in
critically ill patients, this gradient pro-
vided a correct empirical predictor in
87% of the total group of 64 patients,
with a theoretical reliability of 82% .**

Conclusion

The clinical importance of COP in
the regulation of fluid exchange is now
clear. Serial determinations of COP
can be used as a guide to fluid selection
when replacement is required. Meas-
urement of COP enhances assessment
of the filling pressure in the left ven-
tricle and provides the clinician with
specific and unduplicated information
in the differential diagnosis of pulmon- .
ary edema. In critically ill patients COP
measurement is a reliable predictor of
survival.
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(slow-release potassium chloride tablets.)

Indications — All circumstances in which
potassium supplementation is necessary and
particularly during prolonged or intensive
diuretic therapy.

Patients at special risk are those with advanced
hepatic cirrhosis or chronic renal disease,
patients with considerable edema (particularly
if urinary output is large) and patients receiving
digitalis (a lack of potassium sensitizes the
myocardium to the toxic effects of digitalis).
The range of indications for SLOW-K may be
summarized as follows:

As a supplement to Ulcerative colitis

diuretics Steatorrhea
Hypochloremic Chronic diarrhea

alkalosis Regional ileitis
Cushing's Syndrome  lleostomy

Corticosteroid therapy
Liver cirrhosis
Digitalis therapy

SLOW-K is also indicated during convalescence
of patients following ‘‘diseases characterized by
persistent vomiting™ and of surgical patients in
whom prolonged withdrawal of fluids had taken
place.

Contraindications — Renal impairment with
oliguria or azotemia, untreated Addison’s
Disease, myotonia congenita, hyperadrenalism
associated with adrenogenital syndrome, acute
dehydration, heat cramps and hyperkalemia of
any etiology: conditions associated with stasis
of the G.I. tract; esophageal compression due
to an enlarged left atrium; patients undergoing
heart surgery.
Warnings — A probable association exists
between the use of coated tablets containing
potassium salts, with or without thiazide
diuretics and the incidence of serious small
bowel ulceration. Such preparations should be
used only when adequate dietary
supplementation is not practical and should be
discontinued if abdominal pain, distension,
nausea, vomiting or gastrointestinal bleeding
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Precautions — Administer cautiously to
patients in advanced renal failure to avoid
possible hyperkalemia. SLOW-K should be used
with caution in diseases associated with heart
block since increased serum potassium may
increase the degree of block.
Adverse reactions — Small bowel ulceration
has been very rarely reported.
Dosage — The dosage is determined according
to the needs of the individual patient. When
administered as a potassium supplement during
diuretic therapy, a dose ration of one SLOW-K
tablet with each diuretic tablet will usually
suffice but may be increased as necessary. In
general, a dosage range between 2-6 SLOW-K
tablets (approximately 16-48 mEq K) daily or
on alternate days, will provide adequate
supplementary potassium in most cases.
Preferably, administer after meals.
Overdosage — Symptoms found in
hyperpotassemia closely resemble those of
hypopotassemia; these include asthenia,
hypotension, mental confusion, paresthesias,
pallor, bradycardia and cardiac arrhythmias.
Hyperpotassemia may be treated by i.v.
administration of sodium chloride, calcium
chloride or calcium gluconate (10-20 mi of a
10 percent solution), dextrose (100 ml. of a 50
percent solution or 1,000 ml of a 10 percent
solution with 30 units of unmodified insulin
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cation-exchange resin which removes
potassium, given orally or as a retention enema.
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chloride in a slow-release, inert wax core.
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